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Presentation Outline
~-Overall FAA Rotorcraft Structures Research
> HUMS R&D Requirements
- Highlights of Process and Criteria Used to
Develop HUMS R&D Needs
2> Overview of FAA HUMS R&D Roadmap

> HUMS Advisory Circular (AC) Requirement
Compliance Demonstration
> Development of HUMS Operational Requirements

»-Commercial HUMS Validation
- Onboard Warnings

> FAA BAA Contract Opportunity Plan
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Rotorcraft Structural Integrity and Safety

EFbEit i

2/16/2005 FEDERAL AVIATION ADMINISTRATION « AIR TRAFFIC ORGANIZATION 3



HUMS R&D Require
Program Objectives: e
~-Provide Aircraft Certification 5
Office with technical
information including data and
validated processes for HUMS
Installation, maintenance
credit, and continued
airworthiness plan.

Technical Approaches: Support:
»Collaborate with HUMS - Addition/revision of guidance
community to conduct R&D materials for Transport
and collect HUMS data. Category Helicopters
~Validate and transfer HUMS | »-Development of typical usage
technologies for certification spectrum for design
and compliance. requirements and certification

DT certification requirements
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Development of HUMS R&D Strategy
and Execution Plan

> Industry’'s HUMS and R&D Perspectives
- Helicopter OEM’s and HUMS Supplier

> FAA's HUMS and R&D Perspectives
- FAA-industry combined assessment of
current state of HUMS technology

> FAA’s independent process to identify and
prioritize HUMS R&D needs
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Elements of FAA’s HUMS R&D Strategy

and Execution Plan
- Technology assessment and gap analysis

> HUMS technology matrices
- Technology assessment criteria

= Prioritization of identified R&D needs
= Prioritization criteria

- Detailed HUMS R&D execution plan
- Prioritized R&D tasks, outputs, and ROM
> R&D performance metrics and exit criteria

> HUMS 5/10 Year R&D Roadmap
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OPERATIONAL DEVELOPMENT OF HUMS

Hardware

Software

Sensors

Airborne Systems

Diagnostics and

Data Management and
Monitoring

Operation

Multi Functional, Embedded,
Jibration

Analog/Digital Conversion Unit

Component Usage Tracking Rotor Track and Balance

Temperature, Strain, Torque,

HUMS-Non-HUMS Usage Exceedance, Trending,

Humidity |Eletromagnetic Compatibility Test Plan JTracking ibration

Data Transmission, Wireless,

Metworking Cockpit Warning and Display Devices |Data Processing Requirements ICurrﬂ-s-iu-n Detection

FHotor Azimuthal & Hotor Blade Data Operation Acguisition ime and Cycle Lsage
Position Ilnrnrmalmn Display Management Feqguirements Maonitoring

Cebns Detection and Qil

onditicn IGu-[:F.pnt Woice, Flight Data Recorders  |Data Inteqgrity ITranslaled Load Monitoring
Corosion Detection and

Monitoring HUMS False Alarm Rales Data Transfer Inteqrity IFEesidual Life Based on HUMS

Direct Load Measuring/Low
Speed

ﬁ{}TS Aszessment and Mitigation
clions

COTS Operating System For

|Cun1 ponent Remaining Life
GBS P

CrackiDamage Detection

ZOTS Sofiware Service Hislony

Zriteria and VW Mechanical Fault Detection

=ensor Intercgation amd
Calibration

I%irbnrn-& system Functionality Partition
oftware Hequirements and

Acceptance

Independent Yennhcaton Means tructural Crack/Diamage
(VI Detection

Maintenance Data Compuler

system Automated Testing

Data Transfer and Significance of PAutomated
Web-Enable Application Diagnostics/Rationale

Bearing Monitoring Processing

Architecture Standardization

Maintenance Management

Electronic Par Tracking/Maint

Ground-Based Stations (GBS) and Accessories Logs IUsage Tracking and Credits
Software Requirements, Operational and Logistics
Acceptance COTS GBS Assessment, Guidance Optimization Usaged Based Maintenance
Security Concerns For Mon- COTS Hardware Service History
Dedicated GBS Criteria and Independent Verification

=BS5S Functionality Partition

Personal Maintenance Aide

Personal Computer (PC)

GBS Automated Testing

Data Update Freguency

HUMS Component Parition for
Cerification

System Architecture
Standardization

Display and Data Transmition Devices

rior 1o HUMS Implementation




COMMERCIAL VALIDATION OF HUMS

Algorithms and Methodologies

Safety Monitoring

Usage/Credit
Validation

Diagnostics, Health, and/or Prognostics

IDebris, GW, CG Measurements

Metallic Damage Tolerance (DT) &

HUMS - Regime/Load Based
Issues and Technology
Demenstration

RTE, Damage Detaction

Mechanical Fault/Crack Detection

Flight Manual Exceadances
Procadures

Direct/Indirect Evidence
Fequirements

Integrated Aircraft Health
s5essment

Prognostics Physical Modelings and
Software Tools for Drive Systems

HUMS Safety Assessment
Frocess (FHA/FSAISSA),
Regime Recognition

Controlled Introduction Plan to
Service for Full Validation of
Credit, Credit Validation

Exceedance, Trend Analysis,
Mixed Failure Modes, Corrasion
Cetection

Integrated Prognostics/Diagnostics
for Fatigue Critical Components

HUMS Minimum End-to-End
Ferformance, Advanced Sensor
alidation Criteria

Composite DT & HUMS -
Regime/Load Based Issues and
Technology Demonstration

omponent Remaining Life Based
n HUMS Process

Prognostics Database Methods,
Automated Diagnostic and Rationale

End-to-End HUMS Systems and
ceessory Requirements

Metallic Safe Life & HUMS -
Regime/Load Based |ssues and
Technology Demonstration

Instructions For Continued Airworthiness

‘HUM Systems Intallation
(Airborne, Sensors, Ground
Systems, Software)

Composite Safe Life & HUMS -
RegimelLoad Based Issues and
Technology Demonstration

Mitigation Action for Certification
Limitations

Procadures for Revising and Using
Minimum Equipment List for HUMS

Fhysics of Proposed Credits
(2.g., Collection of Data)

Component Crack Growth and
nomely Modeling, Engine Cycle
Counting

ener/COperator's HUMS
Program 1o Existing Maintenance
nd/or Inspection

Instructions for Continued
Airworthiness in Accordance with
FARIJAR Part 27/28 Appendix A

|CA for Validation of Approved
redit Throughout Service Use

dvanced Rotor Tuning/Flight
Hours Calculation/Propabilistics
Lifing-HUMS Approach

roubleshooting and Testing of
HUMS

Master Minimum Equipment List
Revision




HUMS Technology Matrices -
Developed

FEDERAL AVIATION ADMINISTRATION « AIR TRAFFIC ORGANIZATION 9

2/16/2005




GAO Technology Readiness Levels Technology Maturation Risk (TMR)

Normally at TRL 9, but can be lower
Years to bring technology to required TRL LS Al L
Technology Maturation Risk ———»
I (Required - Current) TRL

f Certified?

Lo

Low

Low
Mo Risk

(ia] Ruad BNl Wep]
O = =] =

HUMS TECHNOLOGY ASSESSMENT AND GAP ANALYSISE [ 3 (g ][50

Technology Assessment Current State of Technology AC Support Criteria
Current | Required Years Techneology | Technology | Certification | Applicable to I= this
TRL TRL To Fully Risk Gaps Readiness HUMS AC? Jan RED task?
(0to9) | {(1or9) | Operational | (0,1, 2 or3) Ready =0 Yes =0 e TECHNOLOGY
{or to TRL 9) Not Ready=1 No = 1 No = 1 NEEDS

Addressing AC 29-2C, MG-15? l
Selected for
Must be research in nature  gelgle]gjir£=1ile]g
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HUMS TECHNOLOGY ASSESSMENT AND GAP ANALYSIS J »

Technology Assessment Current State of Technology AC Support Criteria

Current | Required Years Technology | Technology | Certification | Applicable to Is this

TRL TRL To Fully Risk Gaps Readiness HUMS AC? |an R&D task?
(0t09) | (1or9) | Operational | (0, 1,2, or3) Ready = 0 Yes =0 Yes =0 JLC
{or to TRL 9) Not Ready=1 Mo =1 No =1 J
Op Dev of HUMS 7 2 1 2 28% 85% 89%
Araware . ). Y ) /o Tl B3O 7 (IwWa
Sensors ; : 9° Ve I Sensors
Multi Functional 6 9 5 1 3 1 0 o] Multi Functional
Embedded 7 g 10 1 2 1 0 0 Embedded
Temperature g 2] 5 0 4] 1 0 MNo
Strain 8 2] 0 0 0 0 0 Mo
Torque g 9 0 0 (4] 1 0 MNo
Vibration g 2] 0 0 4] 0 0 Mo
Rotor Azimuthal Position 9 2] 0 0 0] 0 0 Mo
Fotor Blade Position g 2] 0 0 4] 0 0 Mo
Humidity ¥ 9 5 3 9 1 1 0 MNo
Debris Detection and Oil
Condition 8 2] 0 0 0 1 0 Mo
Corrosion Detection and
Monitoring 5 a 5 1 3 1 1 0 Mo
Direct Load Measuring Direct Load Measuring
(e.g., Gross Weight (e.g., Gross Weight
(GW). Center of Gravity 2 9 2 3 7 1 0 0 (GW), Center of Gravity
Low Speed Sensors 2 9 2 3 7 1 0 0 Low Speed Sensors
Structural Crack/Damage Structural
Detection 2 2] 5 3 7 1 0 0 Crack/Damage
Dynamic Component

Cynamic Component Crack/Damage
Crack/Damage Detection 2 2] 5 3 7 1 0 0 Detection
Sensor Interogation and Sensor Interogation and
Calibration 5 ] 4 1 3 1 0 0 Calibration
Fotating Data Fotating Data
Tranamission 6 2] 5 1 3 1 0 0 Transmissicn
Data Transmission, Data Transmission,
Wireless, and Networking 7 9 5 1 2 1 0 0 Wireless, and




Op Dev of HUMS
Software

Data Management
and Operation

Technology Assessment

Current State of Technology

AC Support Criteria

Current

Required
TRL

{1 or9)

9
9
9
9

Years
Ta Fully

Technology
Risk

(o, 1, 2, or 3)

Technology

Certification
Readiness
Ready =10

Mot Ready=1

27%

Applicable to
HUMS ACT
Yes=0
Mo =1

85%

Is this
an R&D task?
Yes =0
No=1
89%
91%

92%

IDENTIFIED

TECHNOLOGY
NEEDS

Software

Data Management
and Operation

|Component Usage Tracking Comgponent Usage Tracking
Usage Tracking of Usage Tracking of
|Components Transferred Components Transferred
From Non-HUMS-RC to From NMon-HUMS-RC 1o
HUMS RC and Vice Versa 2 9 2 3 7 1 0 0 HUMS RC and Vice Versa
Data Processing Data Processing
Requirements 8 g 1 1 1 1 O 1] Reguirements

Data Synchronization g9 ] 0 0 1] 1 0 Mo

Data Storage & Backup i a 1 1 1 1 O 1 Mo
Security/Access Conftrol Security/Access Control
Methods/Procedures T B 1 1 1 1 0 i Methods/Procedures
Data Acquisition Data Acquisition Operational]
|Cperafional Reguirements 8 ] 3 1 1 1 (1] 0 Reguirements

Data Integrity - Procedures Cata Integrity - Procedures
for Addressing Missing, for Addressing Missing,
Unrecognized Data, Out-of- Unrecognized Data, Out-of-
Range Data 8 O 2 1 1 1 L] 0 Range Data

Data Transfer Integrity Data Transfer Integrity {e.g.,
(e.g., Data Corruption Data Corruption During
Dwring Transfer of Data Transfer of Data from
from Airbome to GBE) B 9 1 1 1 1 0 0 Aircome to GBS)
lzoclation of HUMS Software Izzlation of HUMS Software
From COTS OF For GBS 8 9 2 1 1 1 0 0 From COTS OF For GBS
|ICOTS Software Sernvice COTS Software Service
History Criteria and WM 8 O 2 1 1 1 L] 0 History Criteria and IV
Drata Transfer and Data Transfer and
Significance of Web-Enable Significance of Web-Enable
Application B ] 1 1 i 1 0 4] Application




HUMS Assessment Results

Sensor 33% 72% 100%
Airborne Systems 23% 7 7% 7 7%
Ground-Based Stations and

Accessories 29% 100% 86%
Data Management and Operation 8% 92% 92%
Diagnostics and Monitoring 27% 91% 100%
Maintenance Management 40% 80% 80%
Safety Monitoring 17% 83% 50%
Structural Usage Monitoring and

Credit Validation 12% 59% 88%
Diagnostics, Health, and

Prognostics 13% 47 % 100%
Continued Airworthiness

Instructions 0% 100% 0%
On-Board Warnings, Responses

and Procedures 0% 100% 100%
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HUMS R&D Needs - Ildentified
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Prioritization Criteria

> Is the technology really needed for certification?
> e.g., cockpit warning devices may not.
= What is the impact level of this research on HUMS
functionality?
> e.g., ground system functionality partition technique
—not improving HUMS functionality.
- Is the research essential for maintenance reduction?
> e.g., embedded sensor not really essential.
- Will the research improve rotorcraft operation
readiness?
> e.g., low speed sensors not relevant to operation
readiness.
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IDENTIFIED HUMS R&D PRIORITIZATION HUMS R&D Planning

MNeed Impacts Essential Ranking Project Start/End
for on HUMS | For HUMS | Improved | Scores of Rating and Durati Y

Certification | Functionality | Maint Red | Readiness | R&D Needs Levels

TECHNOLOGY 0,1.2,3) | (0,1,23) [({0,1,23)[ (0,1,23) | (Max=3)
NEEDS 28% 26% 26% 19%

Rating v

No Value No Valus

Important No Valus

Very Important No Value

3 Essential . No Value

No Value

v v v v No Value
Cglc;ulated Rankinq Score .of .Each Criterion = LonsTerm e
Individual Rating Score x Weighing Percentage 0.9 Long-Term 9th Year
1.0 Leng-Term &th Year
v 1.4 ng-‘l’trm 8th Year
Total Ranking Score of Each HUMS Element = ﬂg::: T o
Summation of All Ranking Scores 14 e S

For Each HUMS Element :

Sample
HUMS Cert. | Funct- | Maint Readi- | Rating | Rating
Element | Need | nality Impact | Ness Scores | Levels
Impact :
Flight 3 3 3 2 Z.K Essentjgl\ e
. ear
Regime 2.6 Very Important 2nd Year
2. Very Important 2nd Y
0.84+ | 0.78 + 0.78 + 0.38 + 78 w “g.:lm| ‘ 1“1':::
2.9 Essential 1st Year
3.0 Eszsential 1=t Year




IDENTIFIED HUMS R&D PRIORITIZATION HUMS R&D Planning
Meed Impacts | Essential Ranking Project Start/End Out-
for on HUMS | For HUMS | Improved | Scores of Rating and Duration (Years) Years

Certification | Functicnality | Maint Fed | Readiness | R&D Needs Levels Short-Term Long-Term

TECHNOLOGY 0.1,2,3 | 0,4,23 (0,123 (0.L23 | max=3 1{2]3{4[s5]e]7]8]al10]11th->|

NEEDS 28% 26% 26% 19%
Op Dev of HUMS 5{6]7]8]9]10]11]12][13] 14 |3 ZIEE
Hardware 21 2.5 2.1 1.3
Sensors 2.1 2.3 22 20
Multi Functional 1 1 1 1 . Lnnﬂerm. 8th
Embedded 1 1 1 1 1.0 Long-Term, 8th 10
Mo
Mo
Mo
Mo
Mo
Mo
Mo
MO
Mo
Direct Load Measuring
(2.g., Gross Weight (GW),
Center of Gravity (CGE)) 3 3 2 3 27 Very Important 211
Low Speed Sensors 1 1 1 U 0.8 Cong-Term, 9in
Structural Crack/Damage
Detection 3 3 3 3 3.0 Essential 5l4]3)2]1
Uynamic Componant
Crack/Damage Detection 3 3 3 3 3.0 Essential S51413]2]1
Sensor Interogation and
Calibration 3 3 3 3 3.0 Essential 4131211
Rotating Data
Transmission 2 3 3 2 2.5 Very Important sl4]3121

Data Transmission,

Wireless, and MNetworking 2 3 3 2 2.5 Very Important S141312]11
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Legends:

- Technology Demonstration H U M s R & D Ro ad m a p

Technolegy Development
Andior Validation

HUMS R&D Areas and Tasks Short

Long
Term

DE |06 | 0 |0 | B

HUMS AC Requirement Compliance Demonstration

HUMS Development and HUMS-Equipped Flight Testing

Usage Monitoring and Flight Regime Recognition

1=

a5

Direct Loads Monitoring
Maint Credits Validation (Indirect Load Measurement)
Maint Credits Validation (Direct Load Measurement)

L~ ]

iLd

Operational Development of HUMS
Hardware

Sensor
Airborne Systems
Ground Station and Peripherals
Software
Data Management
Diagnostics and Monitoring
Maintenance Management
Commercial Validation of HUMS
Algorithms and Methodologies
Safety Monitoring
Structural Usage Monitoring & Credit Validation
Diagnostics, Health, & Prognostics
Onboard Warnings
Responses and Procedures

Flight and Ground Crew

g | 11 | 12

13 | 4

2/16/2005
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HUMS AC Requirement Compliance

Technical Objectives:
~»AC compliance demonstration
=»-Usage and flight regime

recognition
=»-Load monitoring
~»-Maintenance credit
validation

Demonstration

Technical Approaches:

~-Establish intended purpose of
HUMS.

~»-Develop certification and
mitigation strategies to
address AC requirements.

= Conduct HUMS-equipped
flight tests.

Outputs:

~-Validated developed
processes and technologies
demonstrating HUMS AC
compliance

> Substantiated usage and
maintenance credit
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HUMS AC Requirement
Compliance Demonstration

Long
HUMS R&D Areas and Tasks Short Term
CFEENEEREIE R EE

HUMS Development and Equipped-Flight Testing

Usage Monitoring and Flight Regime Recognition

Direct Loads Monitoring

Maint Credits Validation (Indirect Load Measurement)

Maint Credits Validation (Direct Load Measurement)

-t

Priority:

High Medium Low
[] [] []
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Development of HUMS
Operational Requirements

Technical Objectives:
»-Determination of HUMS

Data Rate and Parameter Assessments

Monitored Parameter
Damage Assessments

Data Rate Assessments
Effect of Inadequate Data Rate

airborne and ground-based T
system requirements and £ o .
processes including: -
»Hardware and software e
Technical Approaches: Outputs:

~-Direct load measuring
»-Mechanical and structural
fault detection/isolation

~-Software requirements and

acceptance
~»Ground-based station
automated testing

»HUMS operational
requirement inputs for
certification

2/16/2005
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Development of HUMS Operational
Requirements - Hardware -

Long
HUMS R&D Areas and Tasks Short Term
= 05 |08 | OF |08 |06 |0 | 11 ] 12 | i3 | 12
' |Hardware
2 Sensor
- Multi Functional =
: Embedded
Direct Load Measuring Tech Dev, Eval, and Demo
Low Speed Sensors I

Structural Crack/Damage Detection

Dynamic Component Crack/Damage Detection

Sensor Interogation and Calibration

Rotating Data Transfer

Data Transmission, Wireless, and Networking
Airborne Systems

Cockpit Warning and Display Device Evaluation
T HUMS Software Reguirements and Acceptance

= HUMS System Automated Testing
Ground Station and Peripherals

= Ground System Functionality Partition 1
o HUMS Software Requirements and Acceptance
= Ground-Based System (GBS) Automated Testing
[ = COTS HUMS Ground Station Assessment & Guidance
- COTS Hardware Service History Criteria and VIV

Independent Verification Means
Determination of Data Update Frequency

lIlI|| IL "ml
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Development of HUMS Operational
Requirements - Software -

HUMS R&D Areas and Tasks

Short

Long
Term

EFRENERERES

0] 11|12 [ 13 | 12

Software
Data Management

Component Usage Tracking (UT)

UT of HUMS/Non-HUMS Components & Vice Versa

Data Processing Reguirements

Security and Access Control Methods/Procedures

Data Acquisition Operational Requirements/Data Integrity
Data Enhancement and Transfer Integrity

Isolation of HUMS Software From COTS OS For GBS
COTS Software Service History Criteria and VM

Data Transfer and Significance of Web-Enable Applicatior

Diagnostics and Monitoring

Translated Load Monitoring

Component Remaining Life Based on HUMS Process
Considerations for Non-HUMS Component Remaining Life
Mechanical Fault Detection

Structural Crack/Damage Detection

Automated Diagnostics and Reasoning

Maintenance Management

Electronic Part Tracking
Electronic Maintenance Logs

B

2/16/2005
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Commercial HUMS Validation

Technical Objectives:

~»Evaluation of technologies
Including algorithms,
methodologies, and
processes for usage
monitoring and maintenance
credit

Technical Approaches:
~»-Evaluate:
= Flight condition recognition
algorithm/methodologies for
usage-based maintenance
~»Mechanical and structural
fault detection/isolation
~»-Component remaining life
based on HUMS process

Outputs:

»HUMS usage and
maintenance credit validation
processes for certification

»-Data and methodologies to
support Usage and FCR,
Load Monitoring, and
Maintenance Credit AC
Compliance Demonstrations

2/16/2005
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Commercial HUMS Validation
- Algorithm and Methodologies -

HUMS R&D Areas and Tasks

Short

Long
Term

05 | 08 [ o7 | 08 | 08

1011 [ 12 [ 13 ] 14

Algorithms and Methodologies

Safety Monitoring
HUMS Minimum End-to-End Performance Criteria

End-to-End Systems and Accessory Requirements

Structural Usage Monitoring & Credit Validation

Advanced Rotor Tuning
Advanced Sensor Validation Criteria
Regime Recognition and Monitoring

Physics of Proposed Credits (e.g., Caollection of Data)

Credit Validation Methodology

Requirements for Type of Direct/Indirect Evidence
Diagnostics, Health, & Prognostics

Trend Analysis

Mechanical Fault Detection

Structural Crack Detection
Component Remaining Life Based on HUMS Process

Automated Diagnostics and Rationale
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HUMS Onboard Warnings

rr—
28R e BEm ®
———

Technical Objectives:

= Assessment of onboard display
devices to determine their
reliability, functionality, and
required response or action to
displayed/audible
advisories/warnings

RIS

e .

‘Technical Approaches:

- Evaluate types of devices and
information to be displayed or
audible.

- Assess pilot interface with
operational aspects of the system.

= Study pilot’s response or reaction
to displayed/audible
advisories/warnings.

QOutputs:

- Requirements for onboard
advisory/warning and display
systems or devices

- Guidelines for pilots or ground-
based personnel required to
respond to onboard advisories
and warnings

2/16/2005

FEDERAL AVIATION ADMINISTRATION

« AIR TRAFFIC ORGANIZATION 27



Onboard Warnings
- Responses and Procedures -

Long
HUMS R&D Areas and Tasks Short Term
[5] 05 | o6 | o7 [o8 |02 ) 10|11 [ 12 [ 13 ] 14
' |[Responses and Procedures
| ° | Flight and Ground Crew
’ Impact of Displayed HUMS Information on Pilot Workload ]
° Pilot Reaction on Warnings ]
I

Procedures for Responding to Warnings

2/16/2005 FEDERAL AVIATION ADMINISTRATION « AIR TRAFFIC ORGANIZATION
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FAA 2005 HUMS Activities
and BAA Prolected Schedules

Outputs/Tasks Jan Mar | Apr | May Jul
FAA HUM R&D Strategic Plan — | y1/28
First Draft [&
Internal Management Review [
Second Draft 02/25
Final Draft ﬂiﬂ/\ FAA Editing and Publibation Prc»cessl
Development of HUMS R&D
Broad Agency Announcement
White Papers Solicitation | white Papers Due (3/25 A
WP Eval|& Selectipn 04/01
Proposals Solicitation Prioposals Due 04/29 %
A Eval|& Selectipn 05/13
HUMS R&D Awards 06/17

HUMS R&D Commencement

|
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FAA Contract Opportunities website

http://www.asu.faa.gov/faaco/index.cfm?cookieTested=TRUE
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